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Abstract 
Aquistore is an integrated carbon capture-geologic storage project that will demonstrate the effectiveness of the CCS process, and 
will ultimately transition into a commercial operation.  Initially about 550 tonnes/day of CO2 will be captured from a steam 
methane reformer associated with the Consumers’ Co-operative Refineries Limited’s refinery in, Regina, Saskatchewan, Canada 
using an amine based process starting late 2012 to 2013.  Capture will be increased to near 1600 tonnes/day CO2 by introducing 
capture to a second SMR in subsequent years.  A 5 to 10 km pipeline will be constructed to transport the compressed CO2 to the 
injection location.  Selection of the injection site location is based primarily on geological characteristics, proximity to the CO2 
source, ease of pipeline routing, and availability of rights to the subsurface.  In Saskatchewan, current regulations around 
injecting and storing CO2 in the subsurface fall under the Oil and Gas Conservation Act, and injection of CO2 requires a lease of 
pore space on Crown Land, or an agreement with the Freehold Rights owner.  A significant research component is associated 
with this project coordinated by a Science and Engineering Research Committee that has focused on assessing injectivity, 
capacity and containment.  A static geologic model for the proposed injection site integrates available geological data and forms 
the basis for flow simulations to model plume distribution. The nearest existing well to the proposed injection site that penetrates 
to the injection unit is about 20 km away, and was extensively cored and logged and serves as a preliminary data well for 
reservoir mineralogy and petrophysical characteristics. The geologic beds forming the injection target are the Cambro-Ordovician 
flow unit within the Williston Basin that is comprised of the Deadwood Formation and Black Island member of the Winnipeg 
Formation. The top of this 200 m-thick clastic package occurs at the base of the sedimentary succession at around 2000 m depth. 
Shales of the Ice Box member of the Winnipeg Formation form the primary seal at the top of the storage complex.  Regionally, 
the Cambro-Ordovician unit has been used for decades for injection of large volumes of waste brine associated with potash 
solution mining; these operations provide proxy support that the injection characteristics are generally excellent in these units. 
Research efforts are coordinated with field operations including designing and instrumenting one injection well and up to two 
monitoring wells.  Baseline studies will be performed including seismic, shallow hydrology and other surface and near-surface 
surveys. Prior to receiving the CO2 stream from the refinery, injectivity tests will be run using trucked-in CO2 and water. A 
communications strategy has been implemented to inform the public, regulators and media regarding activities associated with 
the project. Current partners in the project include federal and provincial governments, pipeline operators, power utilities, oil 
field service companies and the refinery operators. 
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1. Project Background 
Aquistore is a fully integrated demonstration of CO2 capture, transportation, and storage within a deep, brine-
bearing geological formation in south-central Saskatchewan, Canada.  The project, which is a collaborative research 
venture between industry partners and provincial and federal governments, will initially see capture of 550 
tonnes/day of CO2 captured from an oil refinery in the northeast of Regina, Saskatchewan, compression on the 
refinery site and then transportation of approximately 5 km by pipeline before injection into a deep, highly saline 
clastic formation at near 2.2 km depth in the Williston Basin.   
 
Primary objectives of the project are to: 1) demonstrate that CCS methods involving CO2 storage in a deep, saline 
water-bearing geological formation are a safe, workable solution for greenhouse gas emissions reductions for 
industrial applications; 2) establish, trial and demonstrate the wide applicability of effective technologies for 
characterizing and monitoring carbon storage in deep saline formations; and 3) assist in the development of essential 
linkages among industries implementing or considering this technology, policy makers drafting regulations around 
CCS, financial institutions trying to understand the economic implications of business within a carbon managed 
environment, and the public learning about, and living with, the technology. 
 
A significant research program is attached to this industrial operation.  A Science and Engineering Research 
Committee has been involved in each step of the project to develop a program to address aspects of injectivity, 
containment and capacity, and research activities will be fully integrated with most field operations associated with 
storage and monitoring.  One injection well and up to two observation wells will be drilled during the course of this 
project.  A communications strategy has been developed using input from other projects to help inform the public, 
local councils, and media prior to the onset of the field activities, and assist with external communications during 
operations.   
 
Consortium members for the Project include: Petroleum Technology Research Centre (project managers), 
Consumers’ Co-operative Refineries Limited (CO2 capture point, and CO2 supplier), Enbridge (CO2 transport), 
Research Institute of Innovative Technology for the Earth/OYO (funder), Saskatchewan Ministry of Environment 
(regulator), Saskatchewan Ministry of Energy and Resources (regulator), SaskEnergy Inc. (CO2 transport), 
SaskPower (funder), Schlumberger Carbon Services (operations manager) and Sustainable Development 
Technologies Canada (funder).  The Geological Survey of Canada, Universities of Alberta and Saskatchewan, 
Schlumberger Doll Research, and the PTRC are institutions involved in developing research programs associated 
with Aquistore. 
2. Capture 
CO2 will be captured from the Consumers’ Co-operative Refineries Limited’s refinery-upgrader complex in the 
northeast corner of the city of Regina, Saskatchewan.  Initially, 550 tonnes/day of CO2 will be captured from a 
hydrogen and CO2 mixture produced during steam methane reforming as part of the refinery operations.  A liquid 
amine absorption system will be used to recover the CO2 post-pressure swing absorption.  The CO2 will have purity 
in excess of 99.99%; trace components will include light-end hydrocarbons, and no H2S will be present.  Capture 
facilities will be subsequently added to a second steam methane reformer to eventually result in capture of almost 
1600 tonnes/day of CO2.  Delivery of CO2 from the first SMR to have capture facilities installed is expected in early 
2013. 
3. Transportation and Surface Infrastructure 
Compression and dehydration of the captured CO2 will be performed on the refinery site.  The CO2 will be 
supplied to the wellhead at around 1600 psi with nil water content.  The pipeline will be 7.6 cm diameter and 
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capable of transporting 1600 tonnes/day of dense-phase CO2.  SaskEnergy and Enbridge will build the pipeline 
using the most direct routing possible.  The right of way required for construction will be 16 m wide, and the 
pipeline will be uninsulated and have a minimum cover of 1.2 m.  The area has an annual average daily temperature 
of 2.8 °C, but with daily mean temperatures as low as -16.2 °C in January.  The pipeline will be both coated and 
have cathodic protection implemented to resist corrosion.  Low temperature materials will be used at venting and 
pressure let down locations.   
Metering of receipt and delivery points as well as custody transfer points are project aspects currently in 
preparation.  Instrumentation will include data collection systems (flow rates, pressures, and temperatures), leak 
detection as well as developing data sharing protocols for the pipeline operators, the refinery, and for the downhole 
injection operations.  Control systems to acquire and process these data will be important as the industry participants 
will require and monitor different data and may need to respond simultaneously.  Monitoring will be performed on a 
24 hour continuous basis for flow, pressure and temperature conditions within the pipeline, and at the refinery and 
wellhead.   
4. Site Selection for Geological Storage 
Factors for selection of the injection site location are based primarily on geological characteristics, but proximity 
to the CO2 source, ease of pipeline routing, and availability of rights to the subsurface also are significant 
considerations within the Aquistore project.  Geologically, the project is located within the Williston Basin 
(Figure1), an elliptical sedimentary basin in central North America that spans southwestern Manitoba, southern 
Saskatchewan, the Dakota’s and eastern Montana [1].  The Williston basin in the vicinity of Regina, Saskatchewan 
is composed of approximately 2,200 m of Phanerozoic sedimentary rocks overlying Precambrian crystalline rocks.  
The deepest half of the sedimentary succession is dominantly Paleozoic carbonates and anhydrites, whereas the 
upper portions is mainly Mesozoic and younger sandstones and shales; however, the deepest sediments overlying 
the Precambrian basement are Cambrian and Ordovician sandstones and shales of the Deadwood and Winnipeg 
formations.  Overall, the basin strata can be viewed as major packages forming an alternating sequence of aquifers 
or flow units, and aquitards, or rocks that serve mainly as impediments to vertical and horizontal movement of basin 
fluids.  Within each of these larger packages, thinner and less extensive deposits exist that add heterogeneity within 
the units.  For example, shale and silty layers and lenses are common within sandstone aquifers, but they may serve 
as internal baffles and even significant barriers to fluid movement.  Mapping and delineating the internal 
stratigraphy of the target reservoir is essential for constructing suitable geological models to develop realistic flow 
simulations for long-term predictions of CO2 behavior and for determining storage capacity.   
 
 
Figure 1.  Location of Williston Basin in central North America.  Aquistore 
location is toward the northeast margin of the Basin. 
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Specific parameters used to screen geologic formations suitable for injection of CO2 within the Aquistore area of 
interest included: 1) injection deeper than 800 m to retain CO2 as a dense phase; 2) protection of groundwater and 
mineral and energy resources; 3) the geological units must have adequate capacity and injectivity characteristics and 
competent bounding seals to restrict vertical migration of CO2 in the subsurface; and 4) minimize potential for CO2 
leakage and risk to public.   
 
The Cambro-Ordovician aquifer system (Winnipeg-Deadwood lithological unit) was identified as the preferred 
geological target for CO2 injection in the study region by considering the local setting, the specific subsurface 
requirements, site characterization using geological and hydrogeological maps and cross-sections, core analyses, 
drill-stem test data, water chemistry and reservoir mineralogy identified. This is the deepest aquifer system in the 
sedimentary package and occurs at 2000 m - 2200 m depth in the area near the refinery (Figure 2).   
 
Figure 2: Diagram of the geological characteristics of the Aquistore region.  Regional aquitards are shown on the left 
interleaved with regional aquifers, or flow units, on the right.  These regional hydrostratigrahic units represent the bulk 
characteristics within a given stratigraphic package.  The potash-bearing Prairie Evaporite Formation is highlighted as a regional 
aquiclude.  The Winnipeg-Deadwood unit is the storage complex overlain by the Icebox Shale, the primary seal.  
 
The Deadwood Formation is a regionally extensive sandstone of variable grain-size that contains intervals of silty 
to shaley interbeds [2].  The overlying Winnipeg Formation comprises a lower sandstone called the Black Island 
Member and an upper shale, the Icebox Member, which would form the primary seal to vertical migration of CO2. 
Based on core analyses and drill-stem tests from the University of Regina Geothermal well (3-8-17-29W2), the 
nearest Winnipeg-Deadwood penetration to the proposed injection area, permeability (ca. 100 to 1000 mD) and 
porosity (ca. 11 to 17 %) indicate good injectivity potential [3].  Moreover, proxy information from brine injection 
5610 S. Whittaker, K. Worth / Energy Procedia 4 (2 11) 56 7–5614
 Author name / Energy Procedia 00 (2010) 000–000 5 
associated with potash mining at Belle Plaine, Saskatchewan, and other locations in the province indicates the 
Winnipeg-Deadwood interval has both excellent injectivity and storage capacity potential.   
 
Using available data that includes core analyses, DST’s, logging information mainly from the U of R Geothermal 
well as well as regional geological information, an initial three-dimensional static geological model was prepared 
using Petrel. It included the Winnipeg and Deadwood formations and covered a geographical area of approximately 
1521 km2.  The geological model was resized and coarsened to be utilized in ECLIPSE simulator (E300) to simulate 
the CO2 footprint.   
 
The results of the initial forecasting of the CO2 footprint and migration plume will be continually refined during 
the course of the Aquistore project as additional data becomes available.  Regardless, initial results provide an 
indication of the scale of the CO2 footprint and can be applied generically to similar potential sites in the vicinity.   
Using the scenario of 2 years injection of CO2 at 600 tonnes/day followed by 23 years at 1600 tonnes/day, the 
diameter of the plume at the top of the Winnipeg Black Island Member is about 3 km (Figure 3).  50 years after 
injection has stopped (post 25 years of injection) the diffuse CO2 plume is about 5 km diameter and slightly 
elongated towards the northeast consistent with the regional dip. Future iterations of simulations will address current 
uncertainties in several reservoir parameters (e.g. irreducible water saturation, vertical permeability) and will include 
more geological heterogeneity.   
 
 
Figure 3: This diagram shows the plan view of the CO2 plume after injection of 600tonnes/day CO2 for two years and then 
1600 tonnes/day for 23 years.  At the end of 25 years the plume has a diameter of 3 km. 
Additional measurements for detailed site characterization will be performed once a newly drilled core is 
available to determine geomechanical (unconfined compression, triaxial compression, direct shear, acoustic 
velocities, fracture roughness, compressibility and density), hydraulic (relative permeabilities, capillary entrance 
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pressures, end-point irreducible saturations) and thermal (thermal expansion coefficients, thermal conductivity and 
specific heat capacity) parameters.  These data will help quantify potential changes in permeability resulting from 
geomechanical influences or possible stress changes from injection of cooler CO2.   Reservoir and seal mineralogy 
will be examined in more detail to investigate the potential for CO2 to catalyze compositional changes and porosity-
permeability evolution.  This will be accomplished, in part, through micron-scale comparative mineralogical 
analysis using computed microtomography (CMT) of core samples before and after CO2 exposure (in the field or 
laboratory) and will provide a unique means of determining whether incipient mineral alteration effects occur, and 
how significant their impact may be on long-term injectivity, capacity, and containment. 
5. Wells 
One injection well and up to two observation wells are proposed for the Aquistore project.  The injection well 
will be designed for injection rates of 1600 tonnes/day although initial receipt will be around 550 tonnes/day CO2.  
The first observation well will be drilled approximately 100 m from the injection well and will penetrate into the 
storage unit; the location will be optimized once additional data from core and other downhole data obtained during 
drilling the injection well are used to update flow simulations.  The intent of this instrumented observation well is to 
examine CO2 migration within the reservoir soon after injection starts using fluid samplers, geophones, temperature 
and pressure gauges, and providing access for repeat logging surveys.  The second observation well also will 
penetrate the storage unit and will be between 0.5 – 1 km away from the injection well and will be used to refine 
long-term predictions.   
 
The injection well will have 273 mm (10 ¾ inch) surface casing cemented to a depth of 270 m that will cover and 
protect any shallow potable aquifers within the area.  A 250 mm (9 7/8 inch) hole will be drilled to an anticipated 
total depth of 2200 m and cased with carbon steel 194 mm (7 5/8 inch) production casing.  A CO2 resistant packer 
assembly will be set at the level of the sealing unit, the Icebox Member. Below the packer, upgraded chromium steel 
casing will be used to minimize any potential of corrosion.   The well casing will be cemented entirely back to 
surface, with approximately 700 m of CO2 resistant cement at the bottom of the well. The downhole assembly will 
consist of 114 mm (4.5 inch) tubing, the CO2 resistant packer, and the annulus between the well casing and tubing 
filled with corrosion inhibitor.  The perforation zone will be determined after logging, but will be a 20 to 30 m 
interval near the bottom of the Deadwood Formation. 
 
Additional surveillance instrumentation emplaced within the injection well includes downhole 
pressure/temperature gauges installed on the tubing just above the packer to measure both the internal tubing 
pressure (the CO2 injection pressure) and the pressure in the annulus between the tubing and casing (in the inhibited 
fluid above the packer).  A fibre optic distributed temperature system (DTS) will be installed across the entire height 
of the injection horizon and will be used to detect zones of preferred injectivity based on the real time measurement 
of temperature change every metre along the injection horizon.  This DTS system will be strapped to the casing 
string as it is placed in the borehole. Both the pressure gauges and the DTS system will have cables to surface and 
will be integrated into the real-time monitoring of the injection process. 
 
A continuous core from above the primary seal of the Icebox member to the base of the well is proposed to be 
collected during drilling the injection well.  A complete suite of open-hole logs will be run including gamma ray, 
resistivity, density neutron, sonic, nuclear magnetic resonance, formation elemental analysis, compressional and 
dipole shear. A modular formation dynamics tester (MDT) will provide four fluid samples and three pressures in 
four formations, three miniFrac and two vertical interference tests. A cased-hole evaluation program also will be run 
and will include reservoir saturation and ultrasonic cement evaluations.  The data obtained from core analyses and 
logging will be included in the flow simulations to form the foundation for long-term prediction of CO2 behaviour.   
 
The planned observation wells will include additional instrumentation to that in the injection well including 
downhole geophones used for vertical seismic profiles and passive seismic monitoring, and downhole fluid 
sampling ports to enable reservoir fluid samples to be obtained under pressure and at periodic intervals throughout 
the injection procedure.  The fluid samples will be used to calibrate the saturations measured indirectly by the time-
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lapse wireline logging and surface seismic monitoring methods.  The fluid compositions will also be essential to 
corroborate the fluid geochemistry measurements being conducted on surface wellhead samples of produced fluids 
and for reactive transport modeling. In addition, wireline tools for repeat logging and other data acquisition methods 
can be deployed in the observation wells for ongoing monitoring.   
6. Monitoring 
Detailed geological and hydrogeological characterization of the injection site forms the framework for the 
injection and monitoring planning which will establish the parameters associated with containment and capacity.  
Pre-injection modeling will involve dynamic flow and reactive transport simulations coupled with geomechanical 
modeling.  Baseline monitoring surveys will include 3D seismic, real-time pressure and temperature, passive 
seismic, downhole fluid sampling, time-lapse logging, vertical seismic profiles, soil gas sampling, and groundwater 
sampling.  Prior to receiving the CO2 stream from the refinery, the project will use trucked-in CO2 and water to 
establish injectivity and direct early monitoring efforts.  Guidelines for continuance of monitoring during injection 
will be established through analyses of project-related data.   
 
An initial Environmental Protection Plan (EPP) will be conducted by Aquistore and submitted to the provincial 
regulators as required to obtain well permits.  The EPP is conducted to ensure that environmental protection is 
considered at the outset of the project to display both an understanding of any potential environmental concerns and 
the means for addressing these concerns.  The EPP assesses the current field conditions at the proposed site 
including surveys of soil and land use, rare or endangered wildlife and plant species, an assessment of wildlife 
habitat potential for those wildlife and plant species, and any mitigation measures, environmental monitoring 
programs and public consultations.   
 
Sampling and analysis of near-surface groundwater from existing wells in the vicinity of the injection site will be 
performed prior to any injection to establish baseline values for water quality.  In general, groundwater in the area is 
not used domestically, but the intent is to monitor the quality and characteristics of groundwater during the course of 
the project by performing a baseline and three annual monitoring surveys. Groundwater monitoring results will be 
shared with property owners, Provincial regulators and local authorities to be included in environmental protection 
management plans and health risk databases. 
 
An initial 3D seismic survey will be acquired prior to the start of CO2 injection and will greatly assist with 
constructing the detailed geological characterization of the storage container, determining continuity of overlying 
seals, and indentifying local and regional structures.  It also will provide the baseline survey against which 
subsequent monitor surveys can be compared for seismic time-lapse imaging.  Baseline vertical seismic profiles also 
will be acquired prior to the start of CO2 injection. A repeat VSP survey will be conducted following the CO2 
injection test in order to obtain a time-lapse image of the subsurface in the vicinity of the injection well. This will 
enable a direct assessment of the effects of pressure and saturation change on seismic response, and allow local 
tracking of CO2 movement.  Once full-scale CO2 injection has started, repeat surface and VSP surveys will be 
conducted at regular intervals in order to obtain time-lapse images of the subsurface in the vicinity of the reservoir.  
Passive seismic monitoring will be conducted continuously to document microseismicity and associated stress 
changes in the reservoir and overlying zone that are associated with the injection process, and to include these stress 
changes in geomechanical modelling. 
 
Geochemical monitoring will attempt to identify the extent of compositional changes induced by injection within 
the storage system including the reservoir, seal, and immediately overlying strata.  Most compositional evolution 
will likely be limited to the reservoir and along the reservoir – seal interface.  Changes may be identified in major-, 
minor-, and trace-element aqueous concentrations through the regular sampling and chemical analysis of reservoir 
fluids before and during CO2 injection. Combined with mineralogical studies, reactive transport modeling, and 
geophysical monitoring, the reservoir fluid sampling program will help distinguish mass partitioning of CO2 among 
physical and chemical trapping mechanisms. 
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7. Risk Assessment 
Aquistore has conducted a Certification Framework risk assessment that is an effective overview for evaluating 
CO2 leakage risk associated with specific geologic carbon storage sites and projects [4].   This procedure examined 
possible leakage pathways through faults and wells in the Aquistore study area and evaluated these risks on potential 
impacts to surface and subsurface resources.  Preliminary results from the Certification Framework indicate the 
Aquistore site has excellent potential for safe, long-term storage of CO2 in the deep, high-salinity brines of the 
proposed Winnipeg-Deadwood formations at the base of the Williston Basin. 
 
An additional risk assessment process was performed to examine risks to the execution of the project itself using 
an industry-recognized Features-Events-Processes (FEP) methodology [5].  Risks associated with the design, 
drilling, evaluation, completion and future operation of the wells for the Aquistore project were evaluated against 
pre-determined project values.  The top five risks identified were: short-term liability, CCS regulations, procurement 
delays, the public perception of groundwater contamination (technical risk was rated as very low) and obtaining 
necessary permits. A risk response action plan was developed from the results of this exercise that will be updated 
throughout the project and used to mitigate and manage any identified risks to the project execution.   
8. Communications 
A detailed strategic communications plan was developed to provide the project with a clear set of guidelines and 
tools to communicate objectives of the project to key audiences to assure the project’s implementation and success.  
The plan identified key stakeholders, audiences and key messages, defined success measurements, and outlined 
communication resources to develop policies for crisis communication, on-site safety and emergency response 
plans. An open house recently held at the preferred injection site generated positive feedback for the project and 
technology from local and rural community members.  
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